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We recruited 200 children shortly after birth and collected stool specimens weekly, irrespective of whether
the children had diarrhea, until up to 2 years of age. All children were recruited during the first year of the
study and were monitored for a median of 18.4 months. To measure pathogenicity, the odds ratio for diarrhea,
adjusted for age, sex, and coinfections with other enteropathogens, was determined by logistic regression.
Standard estimation of the population attributable risk indicated that rotavirus, enterotoxigenic Escherichia
coli that produced only the heat-stable toxin ST, Isospora spp., Cryptosporidium parvum, Shiga toxin (Stx)-
producing E. coli (STEC), and Shigella spp. or enteroinvasive E. coli were the most important contributors to
diarrhea in this population. Stx2- but not Stx1-producing STEC strains were pathogenic. Enteroaggregative
E. coli, diffusely adherent E. coli, and attaching-and-effacing E. coli strains, which were the most commonly
isolated microorganisms, were not associated with diarrhea. For most of the microorganisms, primary infec-
tions did not confer protection against reinfection with the same organism, but some conferred protection
against diarrhea from reinfection.

Diarrheal diseases remain a major cause of childhood mor-
tality and morbidity in developing countries. Although the
mortality from diarrheal diseases is declining, diarrheal mor-
bidity is not (27, 48). In order to target preventive measures, it
is essential to describe the natural history and the relative
importance of the various diarrheagenic agents. Moreover, to
guide vaccine development, it is important to estimate the
protection against reinfection and disease that natural infec-
tions with the various enteropathogens may confer.

Prospective cohort studies that investigate infections with
diarrheal pathogens have been carried out for rotavirus (54),
Campylobacter spp. (12)., Shigella spp. (20), Giardia lamblia
(37), enterotoxigenic Escherichia coli (ETEC) (2), and other
diarrheagenic E. coli strains (7, 28, 44). Longitudinal studies
that describe a wide range of potential enteropathogens are
few and were undertaken before the recognition of more re-
cently described diarrheagenic agents, such as enteroaggrega-
tive E. coli (EAggEC) and diffusely adherent E. coli (DAEC)
(14, 32).

We used DNA-DNA colony hybridization to identify diar-
rheagenic E. coli, Salmonella, and Shigella spp. in a cohort of
newborn children who were monitored until up to 2 years of
age with weekly stool specimen collection. Furthermore, ex-
aminations for rotavirus, Yersinia spp., Campylobacter spp., and
enteric parasites, including Cryptosporidium parvum, were un-

dertaken. Our objectives were to identify from a wide range of
potential enteropathogens those that were associated with di-
arrhea, to determine the age of primary infection, to quantify
any protection that was induced by natural infection, and to
estimate their relative contribution to the incidence of diarrhea
in children of a developing country.

MATERIALS AND METHODS

Study design and assembly of the cohort. A total of 603 houses were selected
at random in the periurban districts Bandim II and Belem of Bissau, the capital
of Guinea-Bissau. A cohort of 200 children born in these houses between 15
January 1996 and 14 January 1997 were recruited within 3 weeks of birth (me-
dian, 6 days; interquartile range [IQR], 4 to 9 days) for a community-based
cohort study of diarrheal disease, which included weekly morbidity recall visits
with stool specimen collection irrespective of whether the children had diarrhea
or not. The children were monitored until 2 years of age or until the end of the
study on 28 April 1998. The follow-up of the cohort has been described in detail
previously (51). The study was approved by the Ministry of Public Health in
Guinea-Bissau and the Danish Central Scientific Ethical Committee.

Procedures. The children were categorized as having diarrhea or no diarrhea
according to the information provided by each child’s caretaker (who was the
mother in most cases) on the day the stool specimen was collected (35, 48). A
child was considered to be infected with a given microorganism on the day that
the positive specimen was collected. An infection was symptomatic if the child
had diarrhea on the day of the infection. In addition, the field-worker asked
whether the child had diarrhea or not for each of the 7 days prior to the visit.
Information on whether the child was breast-fed was obtained monthly. Stool
specimens were collected in plastic containers, and no preservatives were used.
When a specimen was unavailable, we used a rectal swab, which afterwards was
stored in Cary-Blair transport medium. Within 4 h of collection, the specimens
were stored at 4°C until processing—usually within 15 to 18 h.

Microbiological analyses. Microbiological examination of the stool specimens
was undertaken by methods described previously (35), except that a semisolid,
blood-free selective motility medium was used to identify Campylobacter spp.
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(19) because of difficulties in obtaining and storing sheep’s blood in Guinea-
Bissau. The stool specimens were inoculated and incubated on SSI solid enteric
medium (11). Up to 12 (mean, 11.4) individual colonies from each dish were
inoculated into meat-extract agar; the selection was made so that morphologi-
cally distinct colonies on the dish were represented.

To identify diarrheagenic E. coli, we performed DNA-DNA colony hybridiza-
tion with nine different DNA probes, including probes specific for EAggEC (6)
and DAEC (9). The ipaH probe (55) targets the large virulence plasmids of
Shigella spp. and enteroinvasive E. coli (EIEC). The VT1 and VT2 probes (57)
target the structural gene of Shiga toxin 1 (Stx1) and Stx2, respectively, of
Shiga-like toxin-producing E. coli (STEC). The eae probe (25) targets the intimin
structural gene that is common to attaching and effacing E. coli (A/EEC) and
most STEC. The STp, STh, and LT probes (49) target the structural gene of the
porcine and human heat-stable toxins (STp and STh) and the heat-labile toxin
(LT), respectively, of ETEC. We screened the bacterial isolates in hybridization
assays with three pools of each three probes: The first pool contained the STp,
STh, and the LT probes (50), the second contained the eae, EAggEC, and the
DAEC probe, while the third contained the VT1, VT2, and the ipaH probes.
When an isolate was positive in a pooled probe assay, it was hybridized with each
of the pool’s individual probes. Isolates with the characteristics of Salmonella
enterica, both isolated from the SSI plate and from desoxycholate citrate agar
following selenite enrichment, were examined with the F1217 probe (1). The
F1217 probe targets all subspecies of Salmonella enterica. We identified enteric
parasites by direct microscopy of a wet mount. For the demonstration of hel-
minth eggs, feces were examined microscopically after sodium chloride flotation.
About 1 g of feces was concentrated by the Formol-ether technique (4) and
examined for protozoan cysts by microscopy of the iodide-stained sediment. For
the demonstration of Cryptosporidium oocysts, a smear was made from the
sediment and stained by the modified Ziehl-Neelsen technique (23). We did not
examine for enteric parasites in specimens that had been collected with rectal
swabs. Stool specimens were tested for rotavirus with the IDEA enzyme-linked
immunosorbent assay kit (DAKO, Copenhagen, Denmark) as described by the
manufacturer.

Definitions. Strains that were positive with the eae gene probe and negative for
the Stx1 and the Stx2 gene probes were designated A/EEC. Because we did not
serotype E. coli strains or examine them for the EAF plasmid or the bundle-
forming pilus gene, bfpA, we did not distinguish between typical enteropatho-
genic E. coli (EPEC) and other A/EEC. ETEC strains that were positive for the
STh or the STp gene and negative for the LT gene were designated ST-only
ETEC. ETEC strains that were positive for the LT gene and negative for the ST
genes were designated LT-only ETEC. ETEC strains that were positive for any
of the ST genes and the LT gene were designated STLT ETEC. E. coli strains
that were positive for the Stx1 gene and negative for the Stx2 gene were desig-
nated Stx1-producing STEC. E. coli strains that were positive for the Stx2 gene
and negative for the Stx1 gene were designated Stx2-producing STEC. Strains
that were positive for the EAggEC probe or for both the DAEC and the
EAggEC probes were designated EAggEC. We considered potential entero-
pathogens to be the bacterial agents mentioned above plus rotavirus and enteric
parasites, including Cryptosporidium parvum, Isospora spp., Blastocystis hominis,
Chilomastix mesnilli, Endolimax nana, Entamoeba coli, Entamoeba histolytica/
dispar, and Strongyloides stercoralis. The pathogenicity estimates for enteric par-
asites were calculated both overall (i.e., regardless of whether the parasite was
observed in the trophozoitic/larva or the cystic/egg stage) and for the trophozo-
itic/larva stage alone.

A continuous infection was considered to occur when two or more sequentially
collected specimens from the same child were positive for the same species, given
that the specimens were collected with less than a 14-day interval. For such
continuous infections, we considered the first detection of the enteropathogen to
represent the infection and included only this in the analyses.

Data analyses. The incidence rate of infection with a given potential entero-
pathogen was calculated as the number of episodes per child-year at risk, in
which each stool specimen represented up to 7 days at risk centered on the day
of its collection. To estimate the median age of experiencing a primary infection,
we used a modification of the Kaplan-Meier estimator that takes into account
any gaps in the observation periods (5). We set the median age of a primary
infection to be when the estimated cumulative incidence of primary infections
reached 50%. Similarly, the method of Kaplan-Meier was used to estimate the
median age for ending breast-feeding. The PHREG procedure of the SAS
system, version 8.2 (SAS Institute, Cary, N.C.) was used to calculate the Kaplan-
Meier estimates.

Pathogenicity (10) was expressed as an odds ratio (OR), i.e., the odds of a
pathogen-positive specimen being collected from a child with diarrhea divided by
the odds of a pathogen-negative specimen being collected from a child with

diarrhea. Because the specimens were collected independently of whether the
child had diarrhea, this OR is a direct estimate rather than a biased approxima-
tion of the incidence rate ratio for the given enteropathogen (47). A P value of
�0.05 was considered to represent statistical significance. A P value between 0.05
and 0.10 indicated borderline significance. We considered an exposure to be a
confounder for a pathogenicity estimate if the OR changed by more than 10%
when a variable that indicated whether or not the child was exposed was added
to the model.

For estimating pathogenicity, we employed the GENMOD procedure of the
SAS system to fit multivariable logistic regression models, where the outcome
and exposure were diarrhea and infection, respectively. The models were fitted
with a generalized estimating equation with a compound symmetry matrix to
adjust for both between-child differences in diarrheal burden and differences
between the caretakers in the reporting of diarrhea. Other enteropathogens that
were isolated significantly more often from the same specimens as the organism
of primary interest than from other specimens were considered to be possible
confounders for the pathogenicity estimates. We adjusted for the presence of
multiple enteropathogens in stool specimens by including variables indicating
infections with these enteropathogens in the models. Furthermore, the estimates
were adjusted by including variables indicating age in 6-month categories and sex
in the models. Interaction with age in 6-month categories, sex, and breast-feeding
was explored for each of the pathogens by including the relevant interaction
terms in the models. If there was an interaction, defined as a Wald P value of
�0.10 for the interaction term, separate estimates for pathogenicity were calcu-
lated. For estimating the pathogenicity of primary infections, only specimens
collected up to and including the time of the given primary infection were
included in the model.

The protection conferred by a primary infection against subsequent infections
with the same type of microorganism was expressed as an OR (i.e., as the odds
that a child who had already experienced a primary infection would be reinfected
divided by the odds that a child who had not previously been infected would be
infected). Infection was the outcome, and a time-dependent variable indicating
whether the child had experienced a primary infection with the same type of
microorganism indicated the exposure. To estimate the protection induced by a
given primary infection against diarrhea when the children were reinfected, we
calculated an OR (i.e., the ratio between the odds that a reinfection with the
same microorganism was symptomatic and the odds that a primary infection
would be symptomatic). In this model, only specimens representing infections
with the relevant microorganism were included. The outcome was diarrhea, and
a time-dependent variable indicating whether the infection was a primary infec-
tion or not indicated the exposure. The protection models were adjusted for sex,
age, and repeated observations, as described for the models estimating patho-
genicity. Percent protection was calculated as (1 � OR) � 100%. For some
enteropathogens with which we did not observe any symptomatic reinfections, we
calculated protection with the LogXact program, version 4 (Cytel Software
Corp., Cambridge, Mass.).

The percent population attributable risk (PAR%) of an enteropathogen, de-
fined as the relative reduction in diarrhea incidence that would be achieved if the
population had been entirely unexposed to the enteropathogen compared with
its current exposure pattern, was calculated as suggested by Levin (52):

PAR% � �100% � P(e) � (RR � 1)]/{[P(e) � (RR � 1)] � 1}

where we exchanged RR (the risk ratio) with OR, P(e) � N1/(N1 � N0) is the
proportion of exposed children in the entire cohort, N1 is the number of exposed
children, and N0 is the number of unexposed children.

RESULTS

Cohort characteristics and monitoring. Of the 200 children,
who were recruited at an even rate during 1 year, 104 were
boys. The observed median age for terminating breast-feeding
was 21.5 months (IQR, 18.5 to �24.0 months). During the
observation period, 18 children died; 10 died within their first
year of life. Due to an armed conflict in the spring of 1998, the
study was stopped before all children had reached 2 years of
age. The children were monitored for a median of 18.4 months
(IQR, 13.1 to 22.1 months). In total, we collected 88% (IQR,
73 to 95%) of the scheduled specimens. In our cohort, 10.2%
of the stool specimens were from children with diarrhea on the
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day of the specimen collection. The proportion of children with
diarrhea increased steadily from birth to a peak of 16% at 9 to
10 months of age and declined gradually thereafter (Fig. 1).

Microbiological analysis. We collected 11,987 specimens,
2,350 (20%) of which were rectal swabs. We found one poten-
tial enteropathogen in 37.1% of the specimens, two in 15.6% of
the specimens, and three or more in 4.8% of the specimens.
The overall probability of detecting any potential enteropatho-
gen was similar whether the child had diarrhea or not (56
versus 58%). Furthermore, if at least one enteropathogen was
detected, the numbers of different enteropathogens did not
differ between the children who had diarrhea and those who
did not (mean, 1.43 versus 1.46 enteropathogens per speci-
men). The mean number of different enteropathogens per
stool specimen increased steadily from birth until reaching a
plateau at 12 to 14 months of age (Fig. 1).

Incidence of infection. EAggEC was the most frequently
detected potential enteropathogen, with an incidence rate of
almost 10 infections per child-year at risk, followed by DAEC,
A/EEC, G. lamblia cysts or trophozoites, LT-only ETEC, G.
lamblia in the trophozoitic stage, ST-only ETEC, STLT ETEC,
rotavirus, and Salmonella (Table 1).

Median age of primary infection. The cumulative incidence
of primary infections is shown in Fig. 2A and B. EAggEC was
the organism that infected children earliest in life, followed by
DAEC, A/EEC, and ETEC. Within 30 days of age, 50% of the
children would have experienced an infection with EAggEC.

Pathogenicity. Rotavirus, ST-only ETEC, Stx2-producing
STEC, Isospora spp., and C. parvum were significantly associ-
ated with diarrhea (Table 1). Shigella spp. or EIEC infections
tended to be associated with diarrhea (OR, 1.87; 95% confi-
dence interval [CI], 0.85 to 4.16). The pathogenicity of STEC
(OR, 2.33; 95% CI, 0.85 to 6.42) was associated with Stx2 (OR,
5.09; 95% CI, 1.53 to 16.9) rather than with Stx1 (OR, 1.11;
95% CI, 0.21 to 5.75). Eleven of the 16 Stx2 strains were also
positive with the STh and the LT probes, a pathogenic sub-
group of STLT ETEC (51), and could be classified both as
ETEC and STEC. When excluding these from the analysis, the
pathogenicity estimate for the remaining five specimens with
Stx2 remained high (OR, 4.29; 95% CI, 0.86 to 21.5). When we

instead adjusted for SThLT in the model, the pathogenicity
estimate for Stx2 was somewhat reduced, but still statistically
significant (OR, 3.42; 95% CI, 1.13 to 10.4). No interaction
between the pathogenicity for SThLT ETEC and Stx2-produc-
ing STEC was observed (P � 0.98). Only one of the Stx2 strains
was positive for the eae probe. EAggEC, DAEC, and A/EEC,
which were the most commonly isolated organisms, were not
associated with diarrhea.

When reclassifying disease status as diarrhea on any day
during a 7-day interval centered on the day of the specimen
collection, we found a substantially higher pathogenicity of
C. parvum (OR, 4.53; 95% CI, 2.75 to 7.46). In contrast, we
obtained lower pathogenicity estimates for rotavirus (OR,
5.07; 95% CI, 3.39 to 7.60) and Stx2-producing STEC (OR,
2.67; 95% CI, 0.86 to 8.30).

Effects of age, gender, and breast-feeding on pathogenicity.
For most of the microorganisms, there was no interaction
between pathogenicity and age or gender. However, a signifi-
cant interaction with age was found for DAEC, for which the
ORs were 0.62 (95% CI, 0.47 to 0.84) for children below 1 year
of age and 1.12 (95% CI, 0.87 to 1.44) for children older than
1 year (P � 0.003). For A/EEC, the pathogenicity estimates
were 1.13 (95% CI, 0.90 to 1.42) for children below 1 year of
age and 0.76 (95% CI, 0.56 to 1.04) for children older than 1
year (P � 0.04). For C. parvum, the pathogenicity was substan-
tially higher in boys (OR, 5.35; 95% CI, 2.15 to 13.3) than in
girls (OR, 1.04; 95% CI, 0.44 to 2.43) (P � 0.01).

Only 6.4% (769 of 11,987) of the stool specimens were from
non-breast-fed children. Breast-feeding status did not con-
found the pathogenicity estimates. For the majority of the
organisms, tendencies for an interaction between pathogenic-
ity and breast-feeding were seen, which indicated an increased
pathogenicity in non-breast-fed children. Significant interac-
tions were seen for STLT ETEC (P � 0.001) and Salmonella
(P � 0.003), which were associated with diarrhea in non-
breast-fed children (OR, 4.65; 95% CI, 1.99 to 10.9; and OR,
4.08; 95% CI, 1.33 to 12.6, respectively), but not in breast-fed
children (OR, 0.89; 95% CI, 0.57 to 1.41; and OR, 0.53; 95%
CI, 0.24 to 1.13, respectively).

Pathogenicity during primary infections. The pathogenici-
ties of several enteropathogens, including rotavirus, A/EEC,
LT-only ETEC, Shigella spp. or EIEC, and Isospora spp., were
�20% higher for primary infections than for all infections
(Table 1). No marked differences in pathogenicity between
primary infection and all infections were seen for, e.g., ST-only
ETEC, STLT ETEC, DAEC, and C. parvum.

Protection against reinfection. We estimated the protection
that a primary infection induced against subsequent infections
with the same microorganism. For rotavirus, this protection
was 52% (95% CI, 16 to 73%), while no substantial protection
was apparent for the other enteropathogens. For LT-only
ETEC, A/EEC, EAggEC, DAEC, G. lamblia cysts or tropho-
zoites, G. lamblia in the trophozoitic stage, Entamoeba coli
cysts or trophozoites, B. hominis, C. mesnilli, and Salmonella,
there was, in fact, a statistically significant increase in the rate
of subsequent infections after experiencing a primary infec-
tion.

Protection against diarrhea from reinfection. We estimated
the degree to which a primary infection protected a subsequent
infection from being symptomatic. Such protection was seen
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FIG. 1. Mean number of enteropathogens per stool specimen by
age and proportion of specimens collected from children with diarrhea
by age. The results represent a cohort study of 200 children monitored
from birth until up to 2 years of age in Guinea-Bissau from 1996 to
1998.
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for rotavirus (61%; 95% CI, �3 to 86%), LT-only ETEC
(55%; 95% CI, 11 to 77%), and A/EEC (49%; 95% CI, 3 to
73%), while no substantial protection was apparent for the
other enteropathogens. For Shigella spp. or EIEC, Campylo-
bacter spp., Isospora spp., B. hominis, and the trophozoitic
stage of Entamoeba coli, no symptomatic reinfections were
observed. Of these, only the protection followed by infection
with Shigella spp. or EIEC approached statistical significance
(P � 0.11).

PAR%. Major contributors to diarrheal disease in this pop-
ulation, as identified by PAR%, were, in decreasing order:
rotavirus, ST-only ETEC, Isospora spp., C. parvum, Stx2-pro-
ducing STEC, and Shigella spp. or EIEC (Table 2).

DISCUSSION

Rotavirus was found to be a major diarrheal pathogen. Thus,
in agreement with previous studies, it seems that, despite its
relatively low incidence and by virtue of its high pathogenicity,
rotavirus contributes substantially to the burden of childhood
diarrhea; not only in hospital settings (24, 53) but also in the

community (45, 54). A primary rotavirus infection conferred
protection against infection and tended to protect against di-
arrhea from reinfection. Results from in-depth analyses of the
rotavirus infections and the associated protection are de-
scribed elsewhere (15).

In line with previous studies (2, 28), ST-only ETEC strains
were strongly associated with diarrhea. Whereas primary in-
fections with ST-only ETEC did not confer any protection,
primary infections with LT-only ETEC were associated with a
substantial protection against diarrhea when the children were
reinfected with LT-only ETEC. These observations are consis-
tent with previous findings (13, 36). Overall, infections with
LT-only ETEC were not associated with diarrhea in our study.
This is in line with most studies (3, 44, 56) and at odds with
others (28, 35). Primary LT-only ETEC infection, however,
was associated with diarrhea, albeit only with borderline sig-
nificance, supporting the notion that LT-only ETEC strains are
diarrheal agents primarily in immunologically naive individu-
als. Results from more in-depth analyses of the ETEC infec-
tions in our cohort are presented elsewhere (51).

TABLE 1. Incidence and OR for diarrhea pathogenicity for potential enteropathogens detected in a cohort study of children
monitored from birth until up to 2 years of age in Guinea-Bissau from 1996 to 1998a

Organism Incidence (no. of infections/
child-yr at risk)b

Multivariable OR for diarrhea, adjusted for:

Age and sex (95% CI)
for all infections

Age, sex, and presence of multiple
enteropathogens in same stool

specimen (95% CI)

All infections Primary infections

Rotavirus 0.57 (116/204.5) 6.06 (4.06–9.05) 5.75 (3.77–8.75) 7.07 (4.30–11.6)
EAggEC 9.66 (1939/200.7) 0.69 (0.58–0.81) 0.66 (0.56–0.79) 0.59 (0.27–1.26)
DAEC 7.32 (1468/200.7) 0.77 (0.64–0.94) 0.85 (0.66–1.07) 0.82 (0.35–1.88)
A/EEC 6.34 (1272/200.7) 0.88 (0.73–1.06) 0.91 (0.73–1.13) 1.45 (0.81–2.59)
ST-only ETEC 1.06 (212/200.8) 1.79 (1.28–2.51) 1.87 (1.32–2.65) 1.51 (0.90–2.53)
LT-only ETEC 2.45 (493/200.8) 0.84 (0.62–1.13) 0.84 (0.61–1.15) 1.52 (0.94–2.46)
STLT ETEC 0.95 (191/200.8) 1.19 (0.81–1.75) 0.97 (0.62–1.52) 1.03 (0.58–1.82)
Stx1-producing STEC 0.05 (10/201.1) 1.19 (0.24–5.90) 1.11 (0.21–5.75) 1.15 (0.17–7.99)
Stx2-producing STEC 0.08 (16/201.1) 5.34 (2.10–13.6) 5.09 (1.53–16.9) 5.41 (1.64–17.9)
Shigella spp. or EIEC 0.29 (61/210.2) 1.84 (0.95–3.57) 1.87 (0.85–4.16) 2.95 (1.31–6.62)
S. enterica 0.57 (105/185.1) 0.81 (0.43–1.52) 0.81 (0.43–1.52) 0.86 (0.39–1.89)
Campylobacter spp. 0.35 (70/198.5) 0.27 (0.08–0.89) 0.19 (0.03–1.03) 0.24 (0.05–1.21)
C. parvum 0.33 (54/161.3) 2.12 (1.18–3.79) 2.12 (1.18–3.79) 2.09 (1.10–3.97)
Isospora spp. 0.07 (11/168.7) 3.55 (1.15–11.0) 6.75 (2.15–21.2) 9.80 (2.45–39.1)
G. lamblia

Cyst or trophozoite 3.57 (602/168.7) 0.65 (0.48–0.89) 0.64 (0.46–0.89) 0.83 (0.46–1.50)
Trophozoite 1.85 (312/168.7) 0.98 (0.69–1.39) 0.97 (0.67–1.41) 0.66 (0.34–1.27)

Entamoeba coli
Cyst or trophozoite 0.47 (79/168.7) 0.58 (0.23–1.45) 0.33 (0.12–0.90) 0.26 (0.056–1.19)
Trophozoite 0.11 (19/168.7) 1.01 (0.32–3.20) 1.10 (0.34–3.58) 1.39 (0.36–5.38)

Entamoeba histolytica or E. dispar
Cyst or trophozoitec 0.08 (13/168.7) 0.96 (0.12–7.56) 1.29 (0.11–15.1) 1.29 (0.06–27.3)

E. nana
Cyst or trophozoited 0.13 (22/168.7) 0.75 (0.19–2.98) 1.55 (0.35–6.83) 2.82 (0.62–12.8)

C. mesnilli
Cyst or trophozoite 0.20 (33/168.7) 1.54 (0.61–3.90) 1.68 (0.64–4.41) 0.86 (0.21–3.50)
Trophozoite 0.09 (15/168.7) 0.90 (0.19–4.33) 0.73 (0.22–2.39) Not computable

B. hominis
Cyst 0.14 (23/168.7) 1.24 (0.42–3.63) 2.70 (0.87–8.40) 3.16 (0.88–11.4)

S. stercoralis larvae 0.21 (35/168.7) 0.26 (0.04–1.67) 0.29 (0.07–1.32) Not computable

a Note that enteropathogens that represented �10 infections were not included in the table.
b The number of child-years at risk may vary between potential enteropathogens, mainly because of differences in number of stool specimens analyzed. Approximately

20% of the stool specimens were collected as rectal swabs, which is why detection of parasites was not possible. In contrast, all specimens were examined for rotavirus.
Slightly fewer specimens were examined for bacteria due to intermittent and short-lived problems with medium production or accidental drying up of stab cultures.

c Only one trophozoite.
d Only two trophozoites.
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FIG. 2. Cumulative incidence of primary enteric infections with bacterial agents (A) and parasites and rotavirus (B) in a cohort study of 200
children monitored from birth until up to 2 years of age in Guinea-Bissau from 1996 to 1998. For the microorganisms that infected �50% of the
children, the median age at which 25% of the children are infected is reported. Stx1-producing STEC, Isospora spp., and E. histolytica or E. dispar
infected �25% of the children and the results are therefore not shown. The results for G. lamblia, Entamoeba coli, C. mesnilli, and Endolimax nana
represent the detection of cysts, trophozoites, or both.
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EAggEC strains were not associated with diarrhea in previ-
ous investigations (3, 16, 28, 44), albeit such findings are not
unanimous (7, 8, 40). In the present investigation, EaggEC
infections were not associated with diarrhea and accordingly
did not contribute to our PAR% estimate. EAggEC strains
show a considerable degree of heterogeneity, and because the
pathogenic potential has been confirmed in human volunteer
studies and in outbreaks, it seems likely that some but not all
strains are pathogenic (41).

Overall, DAEC strains were not associated with diarrhea,
and this is in accordance with the findings of other studies (21,
28, 44). Our observation of an age-dependent susceptibility to
DAEC-associated diarrhea in children over 12 months of age
has been found as well in other community studies (21, 28).

A/EEC strains were not associated with diarrhea overall.
Primary A/EEC infections were more strongly associated with
diarrhea than were all infections, and a primary infection con-
ferred protection against diarrhea when the child was rein-
fected with A/EEC. The tendency to cause diarrhea only in
children less than 12 months of age has also been observed in
other studies (28, 29). These findings suggest that natural in-
fections with A/EEC confer some protection against A/EEC
diarrhea. It should be emphasized that, in the present study, we
did not subtype A/EEC into the probably more pathogenic
typical EPEC (29).

Stx2 is more important than Stx1 for the development of the
hemolytic uremic syndrome (38), and Stx2 strains have also
been shown to be more diarrheagenic than Stx1 in an animal
model (22). The present study is the first to show that the risk
of diarrhea in humans was higher when children were infected
with Stx2-producing STEC than when they were infected with
Stx1-producing STEC. This finding is in accordance with a
recent study showing that exposure to Stx2 but not Stx1, even
in the absence of STEC bacteria and the Stx receptor, induces
structural changes in human gastrointestinal epithelial cells (S.
Sculler, G. Frankel, and A. D. Phillips, abstr. from ESPGHAN
36th Annu. Meet., 2003). The combination of enterotoxins and
Shiga-like-toxins in the same strain is unusual in humans but
has been observed in strains isolated from pigs (42). In the
study area, pigs roamed in close surroundings of the houses
and often slept in the same room with the humans.

Overall, infections with Shigella spp. or EIEC tended to be

associated with diarrhea. Primary infections with Shigella spp.
or EIEC, however, were clearly associated with diarrhea and
tended to induce protection against diarrhea during reinfec-
tion. Infections with Shigella spp. or EIEC were rare during the
first 300 days of life and increased steadily thereafter. In a
cohort study of infants, Cravioto et al. found no infections with
Shigella spp. before 7 months of age (14). Another prospective
cohort study in Mexico (20) found, as we did, a very low
incidence of Shigella infections during the first 6 months of life.
The overall incidence was 0.22 infection/child-year at risk,
which is close to the incidence of 0.29 infection/child-year at
risk that we estimated in the present study.

Like the coccidian protozoan C. parvum, Isospora spp. are
recognized to be pathogenic in immunocomprised individuals
(30). Whereas C. parvum is now a recognized diarrheal patho-
gen also in immunocompetent individuals (34), the pathoge-
nicity of Isospora spp. remains unresolved. A recent study from
India detected Isospora spp. in immunocompetent children
with diarrhea (33), and Isospora spp. have been described as a
cause of traveler’s diarrhea (18). We found Isospora spp. to be
associated with diarrhea, which is in line with previous findings
in our study area (35). Isospora spp. should therefore be rec-
ognized as an enteropathogen for healthy children as well. The
strong pathogenicity of C. parvum was confirmed in the present
study. Our finding that the pathogenicity of C. parvum was
higher in boys than in girls has not been described earlier and
should be explored further. Because C. parvum infections are
seasonal in our study area, with peak prevalences found con-
sistently in the early rainy season of May to July (43), we might
have underestimated its incidence because the study was ter-
minated in April 1998.

Different time periods for the definition of diarrhea have
been used across different cohort studies, from 1 day (2, 28), to
10 days (54), and up to 14 days (20). We investigated whether
a 1-day or 7-day window for defining diarrhea led to different
pathogenicity estimates. For C. parvum, which is strongly as-
sociated with an increased diarrheal burden (39) and with
persistent diarrhea (35, 39), we found substantially higher
pathogenicity when using a 7-day (OR, 4.53) rather than a
1-day (OR, 2.12) window. For rotavirus infections, which are
associated with diarrheal episodes of relatively short duration
(26), the pathogenicity estimate was slightly lower with a 7-day
window (OR, 5.07) than with a 1-day (OR, 5.75) window. It
therefore seems that, for some enteropathogens, the length of
the time periods for defining diarrhea had an effect on the
estimated pathogenicity.

Rotavirus was the only pathogen for which primary infection
conferred a statistically significant protection against subse-
quent infections. A possible explanation for this finding is that
rotavirus relies on intracellular reproduction to multiply and to
be pathogenic (31), in contrast to other microbes, such as
LT-only ETEC strains, which colonize the intestine without
cellular invasion. From 1 year of age, the mean number of
different enteropathogens per specimen remained constant,
while the proportion of children with diarrhea declined. This
suggests that, with increasing age, the children develop protec-
tion against diarrhea but not against infection. This is in agree-
ment with the protection estimates determined in the present
study, which showed that most of the enteropathogens did not
confer protection against reinfection with the same microor-

TABLE 2. Enteropathogens with adjusted OR larger than unity
in a cohort of children monitored from birth and

up to 2 years of age in Guinea-Bissau

Organism PAR%a

Rotavirus ............................................................................................ 4.61
ST-only ETEC ................................................................................... 1.65
Isospora spp........................................................................................ 0.67
C. parvum ........................................................................................... 0.66
Stx2-producing STEC ....................................................................... 0.58
Shigella spp. or EIEC ....................................................................... 0.45
B. hominis........................................................................................... 0.41
C. mesnilli ........................................................................................... 0.24
Endolimax nana ................................................................................. 0.13
Entamoeba histolytica or E. dispar .................................................. 0.04
Entamoeba coli Trophozoite............................................................ 0.02
Stx1-producing STEC ....................................................................... 0.01
Total.................................................................................................... 9.47

a Results are listed in descending order of PAR%.
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ganism, but some, e.g., LT-only ETEC, induced protection
against diarrhea. Similar findings were reported from a cohort
study of infants in Mexico (14). It is possible that some con-
tinuous infections may have been perceived as two separate
infections with the same type of microorganism. Such misclas-
sifications would contribute to reducing the estimated protec-
tion against infection and possibly also against diarrhea from
infection.

Although more than half of the specimens were positive for
potential enteropathogens, it is striking that we were able to
explain less than 10% of the diarrheal episodes by using
Levin’s formula for calculating PAR%. This method, which
initially was developed for studies of chronic diseases, assumes
that all individuals in the study are at risk of developing dis-
ease. However, in our study population, many children were
likely to be protected from symptomatic infection by passively
transferred immunity from maternal antibodies and from ac-
quired immunity, thus underestimating the pathogenicity and,
therefore, the PAR%. For LT-only ETEC and other highly
incident organisms, such as EAggEC, DAEC, and A/EEC,
there may be a certain analogy to the thoughts of Rose, who
argues that if exposure to a certain agent is homogenous within
a population, even epidemiological studies will fail to detect its
association with the disease (46). Hence, disease is related to
other factors, such as individual susceptibility, which may de-
pend on immunity, micronutrient status, and several unknown
factors. This predicament underscores the limitations of ob-
servational studies carried out in settings with hyperendemicity
of infectious agents as well as the limitations of currently avail-
able epidemiological methodology. It is likely that we under-
estimate the contribution of the highly incident pathogens for
diarrheal burden and that the estimated overall PAR% is
highly conservative.

Other factors may in addition contribute to reducing the
overall PAR%. For some of the seemingly nonpathogenic or-
ganisms, important pathogenic subgroups exist, the pathoge-
nicity of which is masked by other nonpathogenic subgroups.
This is the case for LT-only ETEC, where we have recently
shown that there are substantial differences in pathogenicity
between different subgroups (51). Such pathogenic subgroups,
although clearly of importance for diarrheal burden, are not
reflected in the estimated PAR%. Although our study included
the identification of a large number of potential enteropatho-
gens, we did not include all. Several enteric viruses other than
rotavirus, such as adeno, astro-, and caliciviruses, are thought
to cause diarrhea in children (17). Furthermore, the weekly
specimen collection schedule probably failed to identify some
infections of short duration.

Even though detection of the fragile trophozoitic stage of,
e.g., G. lamblia was very common, it is possible that we have
underestimated its prevalence and the estimated cumulative
incidence of primary infections in the present study, because it
was not logistically feasible to examine freshly passed stools.

In this cohort study of children monitored from birth and up
to 2 years of age, we have estimated the pathogenicity and
incidence of a wide range of potential enteropathogens. Major
contributors to childhood diarrhea were rotavirus, ST-only
ETEC, Isospora spp., C. parvum, STEC, and Shigella spp. or
EIEC. The pathogenicity of STEC was limited to Stx2, a find-
ing that should be further explored.
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